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TENSION TESTS OF RIVETS
I. INTRODUCTION
1. Preliminary.-The engineering profession looks with suspicion
upon the use of rivets in tension. Some specifications for steel struc-
tures prohibit the use of tension rivets, others permit their use in
secondary members and prohibit their use in main members, and still
other specifications make no mention of them. Very few writers have
had the courage to specify a permissible unit stress for rivets sub-
jected to a tensile stress.
Structural designers frequently encounter situations that call for
the use of rivets in tension and, through necessity, indulge in a
practice of which they do not approve. Rivets in tension are actually
found. Granted that they must be used occasionally, the engineer
should know whether they are used reluctantly because of prejudice
and a lack of knowledge or whether they are really either weak or
unreliable. A review of the literature on the subject revealed little
laboratory data reflecting in any way upon either the strength or
the reliability of tension rivets. But the literature contains many
"opinions" to the effect that structures should be designed so as not to
require the use of rivets in tension. Although no experimental evi-
dence was offered to support these opinions, they seemed to be based
upon the beliefs: (1) that rivets in tension are unreliable because the
heads might pop off; (2) that the ability of a rivet in tension to
resist external loads is reduced by the initial tension in the rivet;
and (3) that a rivet subjected to a shearing stress has its strength in
tension reduced by this shear and the tensile strength of rivets sub-
jected to shear is not known. In view of the many opinions and the
very limited number of facts pertaining to the subject, tests to de-
termine the behavior of rivets in tension seemed to be greatly needed.
2. Object of Investigation.-There were two primary objects in
this investigation: (1) to determine the strength of rivets in tension;
and (2) to determine the initial tension in rivets.
3. Scope of Investigation.-All rivets used in this investigation
had a nominal diameter of % in. Some rivets were driven with an
air hammer, others with a press riveter. The investigation was
planned to determine the influence of a number of variables as fol-
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lows: (a) type of head, (b) length of grip, (c) temperature of rivet
when driven, and (d) time required to drive the rivet.
The head that was formed when the rivet was manufactured has
been designated as the manufactured head, the head that was formed
when the rivet was driven as the driven head. The manufactured head
was a button head for all rivets used; the driven head was either a
button head, a button head flattened to % in., a head that was
countersunk but not chipped, or a head that was countersunk and
chipped. The grip of the rivets varied from 2 to 6 inches. The tem-
perature of the rivets was designated by their appearance. Some were
driven when cold, others when at a dull red heat, at a cherry red
heat, at a white heat, when burned, and when badly burned. The
time elapsing during the driving of a rivet varied with the grip and
with the method of driving. Observations in the shop indicated that
the normal time required to drive a rivet having a 2-in. grip was 8
seconds, when driven with an air hammer, and 1.5 seconds, when
driven with a press riveter; and the normal time required to drive
a rivet having a 6-in. grip was 18 seconds, when driven with an air
hammer, and 3 seconds, when driven with a press riveter. The time
elapsing during the driving of the rivets used in these tests varied
from a minimum in which the rivet could be driven up to four times
the normal time of driving.*
The tests to determine the strength of rivets in tension were made
in triplicate, and those to determine the initial tension in quadrupli-
cate. There were 27 groups of three rivets each in the first series,
and 34 groups of four rivets each in the second, there being a total
of 217 specimens in all. The results of the tests are given in Sections
8 to 17.
4. Acknowledgments.-This investigation constitutes a part of the
work of the Engineering Experiment Station of the University of
Illinois of which DEAN M. S. KETCHUM is the director, and of the
Department of Civil Engineering of which PROF. W. C. HUNTINGTON
is the head.
The specimens used in the tests were contributed by the Chicago
Bridge and Iron Works acting through its president, MR. GEORGE
HORTON. The specimens were made under the supervision of H. C.
BOARDMAN, Research Engineer for the same company.
*These observations were made while men were driving rivets in the specimens used in
these tests, which were small and somewhat difficult to hold. The normal time required to
drive rivets in pieces large enough to remain stationary without being held might be less.
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FIG. 1. SPECIMEN FOR DETERMINING THE STRENGTH OF RIVETS IN TENSION
II. DESCRIPTION OF TESTS
5. Physical Properties of Rivet Steel.-All rivets were made from
rivet steel. Standard tension specimens were cut from the rods from
which many of the rivets were made, and in a few cases standard
tension specimens were obtained from undriven rivets made from the
same rods as the rivets used in this investigation. The physical
properties of the steel as determined from standard tension tests of
the rivet rods and of undriven rivets are given in Table 1. In this
table each specimen is identified with the rod from which it was made,
but the variations among the rods were so small that the rivets may
all be considered as having been made from steel of the same quality.
The average yield point and ultimate strength were 37 184 and 54 618
lb. per sq. in. respectively. The specimens cut from the undriven
rivets had about the same properties as the specimens cut from the
rivet rods.
6. Description of Tests for Determining Strength of Rivets in
Tension.-In the tests to measure the strength of rivets in tension,
observations were made to determine the ultimate load and the re-
lation between the elongation of a rivet and the external load to
which it was subjected.
Figure 1 shows a typical specimen consisting of two or more
plates connected by a single rivet. The upper plate projected beyond
ILLINOIS ENGINEERING EXPERIMENT STATION
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FIG. 2. PULLING CLAMPS FOR TENSION TESTS
the adjacent one on both sides in one direction, and the lower plate
projected beyond the one adjacent to it on both sides in the other
direction. With this construction, clamps could be attached in such
a manner that one pair of clamps pulled the upper plate upward
while another pair pulled the lower one downward, thus subjecting
the rivet to a tensile stress. Figure 2 shows the pulling clamps in
place. The bolt A had a spherical head that rested in a spherical seat
in the head of the testing machine. The clamps C were held together
by the bolt D. One end of the upper clamp gripped the block B and
the other end gripped the upper plate of the specimen. In a similar
manner the lower pair of clamps gripped the lower plate of the speci-
men. The load indicated by the testing machine was the external
load to which the rivet was subjected.
All rivets driven with an air hammer were tested in a 30 000-lb.
testing machine. The tests of specimens BH1X and BH3X, rivets
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FIG. 3. EXTENSOMETER FOR MEASURING ELONGATION OF RIVETS
driven with a press riveter, were started in the 30 000-lb. machine,
but the specimens were so strong that the machine could not break
them, and the tests were finished in a 300 000-lb. machine. The
latter machine was used throughout the test for all other rivets driven
with a press riveter.
The elongation of the rivet was measured on the shank only.
This was accomplished in the following manner. Holes were drilled
centrally in the two heads of a rivet to such a depth that the bottom of
the hole was flush with the end of the rivet shank. A loose-fitting
hardened steel pin having a conical point was inserted in the hole
in each head, as shown in Fig. 1. The measuring apparatus was in
contact with the conical ends of the steel pins.
The elongation was measured with the special extensometer shown
in Fig. 3. The two steel bars constituting the frame of the instrument
were held apart by the specimen and by a strut rigidly attached to
the lower bar and containing a knife-edge at the upper end that
was in contact with the upper bar. A tension and a compression
spring were so located as to hold the bars in contact with the knife-
edge and with the specimen. The distance between the ends of the two
bars was measured with an Ames dial. The knife-edge was located
so as to give a multiplication ratio of about 5 to 1. The instrument,
while in use, was supported on the upper pin in the specimen, and
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TABLE 2
TYPICAL LOG OF TENSION TEST
Rivet BH3d
Load
100 ........... .......... ....
1 000 ........................
2 000 ........................
3 000 ........................
4 000 ........................
5 000........................
6 000 ........................
7 000 ........................
8 000 ........................
9 000 ........................
10 000.......................
11 000.......................
12 000 .......................
13 000.......................
14 000 .......................
15 000 .......................
16 000.......................
17 000.......................
18 000.......................
19 000 .......................
20 000.......................
21 000.......................
22 000.......................
23 000.......................
24 000.......................
Dial Reading
0.1097
0.1089
0.1087
0.1087
0.1087
0.1085
0.1085
0.1085
0.1085
0.1085
0.1085
0.1085
0.1085
0.1085
0.1085
0.1085
0.1086
0.1086
0.1086
0.1092
0.1100
0.1134
0.1380
0.1630
0.2400
Change From
Zero Reading
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.0001
0.0001
0.0001
0.0007
0.0015
0.0049
0.0295
0.0545
0.1315
Change Divided
by Multiplying
Factor X Gip
4.51 X 2 = 9.02
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.0000111
0.0000111
0.0000111
0.0000776
0.000166
0.000543
0.00327
0.00604
0.0146
Load lb.
per sq. in.,
on a 1%6 in.
diameter
1 928
3 860
5 785
7 720
9 640
11 570
13 500
15 443
17 360
19 290
21 210
23 160
25 150
27 000
28 900
30 850
32 800
34 730
36 650
38 600
40 500
42 420
44 360
46 310
Ultimate Load 33 900 lb.
was counterbalanced so as to bring its center of gravity on a vertical
line through the point of support. The extensometer was calibrated
by inserting an inside micrometer caliper in place of the specimen and
noting the changes in the reading of the Ames dial corresponding to
changes in the length of the micrometer caliper. The following method
was used in making a test:
A specimen was installed in the testing machine, as shown in Fig.
2. The pins were then inserted in the heads of the rivets and the ex-
tensometer was put diagonally through the two pairs of clamps, one
bar being above and the other below the specimen. The pins in the
rivet were inserted in the holes in the extensometer and the nuts on the
adjusting rod were set so as to give a reading of the Ames dial that
would permit the measuring of a considerable subsequent elongation of
the rivet. After all adjustments had been made the extensometer was
tapped lightly with a pencil to insure that all points of contact had be-
come properly seated. The Ames dial reading for the zero load was
then recorded. Dial and load readings were taken for load increments
of 1000 pounds until the yield-point of the rivet had been exceeded.
The extensometer was then removed and the load was increased until
the rivet broke.
TENSION TESTS OF RIVETS 11ABLE 2YPICAL LOG OF TENSION TESTRivet BH3d
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FIG. 5. BLOCK OF THREE TENSION SPECIMENS
Table 2 shows a typical log of a test. The data thus tabulated
are presented graphically in Fig. 4a. The information obtained in
these tests was the ultimate strength of the rivet and the relation
between the elongation of the rivet shank and the external load to
which the rivet was subjected.
The specimens as tested each contained a single rivet but, to
facilitate manufacture, they were made in groups of three. A block
from which three specimens were to be cut is shown in Fig. 5. Indi-
vidual specimens were made by sawing the block on the dotted
lines shown in the figure. The grip of the rivet was varied by chang-
ing the number of plates in a block.
7. Description of Tests for Determining Initial Tension in Rivets.
-Some information relative to the initial tension in rivets was ob-
tained from the external-load-strain diagrams, similar to the one
shown in Fig. 4, resulting from the strength tests described in Sec-
tion 6. A second series of tests was planned, however, to determine
the magnitude of the stress by direct measurement of the strain. The
method is based upon the assumption that the geometrical recovery
or resilience of the rivet when the stress is removed is a measure of
the initial stress. This assumption is very nearly true if the stress
is below the elastic limit, although even at low stresses hysteresis in-
troduces a small error. If the resilience equals the elastic deforma-
ILLINOIS ENGINEERING EXPERIMENT STATION
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TENSION TESTS OF RIVETS
tion at the yield-point all that is known is that the rivet has been
stressed at least to the yield-point.
The test consisted of measuring the length of the rivet shank as
the specimen was received at the laboratory and again after the ten-
sion in the rivet had been completely relieved. The resilience thus
obtained has been used in this bulletin as a measure of the initial
tension in the rivet.
Figure 6a shows a specimen used for determining the initial
tension in a rivet. The tension was relieved by chucking the specimen
in a lathe and turning out one or more of the intermediate plates,
care being taken not to injure or jar the rivet.
The length of a rivet was measured by means of the special ex-
tensometer shown in Fig. 7. The nominal value of the multiplica-
tion ratio was 5, the actual value was obtained by calibrating the
instrument with a micrometer. The Ames dial was graduated to 0.001
in., and fractions of divisions were estimated so that changes in
length of the rivet were read to 0.00002 in., and probably were cor-
rect to 0.0002 in.
Pins were inserted in holes in the heads of the rivet, as shown in
Fig. 6a, in order that only changes in length of the rivet shank would
be measured. Because the extensometer had to be removed between
successive readings, each pin was fitted tightly in the bottom of the
hole, and was not disturbed from the time the first reading was taken
until the test had been completed.
The specimens were made in groups of four as shown in Fig. 6b.
The individual specimens were obtained by sawing the block along
the dotted lines. The procedure for a test was as follows:
A block from which four specimens were to be made was put in a
shaper and the heads of all rivets were planed to the same height.
This was done in order that all specimens in a group could be read
without changing the adjustment of the extensometer. The heads
were drilled and fitted with pins as shown in Fig. 6a. The length
of each rivet was then read with the extensometer. After the initial
set of readings had been taken on all four rivets in a block the block
was sawed into the four specimens and a complete set of readings
was again taken. The object of this set of readings was to determine
whether reducing the size of the plates held together by the rivets
would reduce the initial tension. After the second set of readings had
been completed each specimen was chucked in a lathe, and one or
more of the intermediate plates was turned out without disturbing
ILLINOIS ENGINEERING EXPERIMENT STATION
TABLE 3
TYPICAL LOG OF TESTS TO DETERMINE INITIAL TENSION IN RIVETS
Specimen ISSC
Dial Readings Difference Decrease
Mean of Between in Stress
Specimen Standard Bar Difference Differences Means lb. per sq. in.
Specimen Standard Bar Difference
Before Blocks Were Sawed (1)
0.1300............ ......... 0.1007 0.0293
0.1300.............. ....... 0.1010 0.0290
0.1303..................... 0.1012 0.0291 (1) and (2)
0.1301..................... 0.1013 0.0288 0.0290 0.0015 2 300
After Blocks Were Sawed (2)
0.1292..................... 0.1017 0.0275
0.1291........... .......... 0.1016 0.0275
0.1292..................... 0.1017 0.0275 (1) and (3)
0.1293 ..................... 0.1018 0.0275 0.0275 0.0244 36 500
After Tension Was Relieved (3)
0.1054..................... 0.1010 0.0044
0.1056..................... 0.1008 0.0048
0.1056..................... 0.1010 0.0046 (2) and (3)
0.1057..................... 0.1009 0.0048 0.0046 0.0229 34 200
the rivet, thus relieving all tension in the rivet, and the third and
last set of readings was taken.
All readings were taken in quadruplicate, and the extensometer was
removed from the rivet and a reading was taken on a standard bar
between successive readings on the specimen. The specimens and
the standard bar were placed together in a room having a practically
constant temperature for sufficient time to bring the specimens and the
standard bar to the same temperature before readings were taken.
Table 3 shows a log of a typical test.
The results of the tests are discussed in Sections 11 to 16, in-
clusive.
III. RESULTS OF TESTS-STRENGTH OF RIVETS IN TENSION
8. Effect of Temperature at Driving Upon Strength of Rivets.-All
rivets used in the tests to determine the effect of the temperature of
a rivet when driven upon its strength had a grip of 2 in. The tem-
peratures at which the rivets were driven were designated as cold,
dull red, cherry red, white, burned, and badly burned. The tempera-
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TABLE 4
EFFECT OF TEMPERATURE AT WHICH RIVET Is DRIVEN UPON ITS STRENGTH
Rivets Driven With Air Hammer
Specimen No.
BH1 a . . . .... . ..
b .. .......
c. . ... . . . ..
M ean...........
BH1 d .........
e ........ ..
f...........
M ean...........
BH2 a ..........
b ..........
c . .......
Mean ...........
BH2 d ....... . ..
e ..........
f...........
M ean...........
BH3 a ..........
b ........ .
S. . .. . . . . .
Mean ..... . . . . .
BH3 d ..........
e ........ .
f ......... ..
Mean ......... .
BH4 a ..........
b ........ .
c . .......
Mean ...........
BH5 a ..........
b ........ .
c . ........
M ean ...........
BH6 a ..........
b ..........
c . .......
M ean ...........
Type
of
Head
'1
.0
a
o
.... 0
00T
Heat of
Rivet
When
Driven
Cold
Cold
Dull
red
Dull
red
Cherry
red
Cherry
red
White
Burned
Badly
burned
Ultimate
Strength
lb.
30 000
34 500
34 770
33 090
42 710
42 310
46 540
43 853
31 500
31 500
28 150
30 383
32 400
34 500
32 600
33 167
30 160
31 000
30 000
30 387
33 900
31 300
34 100
31 743
35 150
33 500
33 500
34 050
34 700
32 000
32 250
32 983
30 400
28 355
31 000
29 918
Ult. Unit
Stress, lb.
per sq. in.,
on 1%6 in.
diameter
63 800
84 500
58 600
64 000
58 700
61 200
66 550
63 650
57 750
omna ameter o ri n,
Reduction
of Area
per cent
Type of Failure
Failed in driven head
Failed in driven head
Failed under mfd. head
Failed in driven head
Tension failure of shank
Tension failure of shank
Tension failure of shank
Tension failure of shank
Tension failure of shank
Tension failure of shank
Tension failure of shank
Tension failure of shank
Tension failure of shank
Tension failure of shank
Tension failure of shank
Tension failure of shank
Tension failure of shank
Tension failure of shank
Shear in flat head
Shear in flat head
Shear in flat head
Under button head
Under button head
Under button head
Shear in flat head
Shear in flat head
Shear in flat head
ture designated as cherry red is the normal temperature at which
rivets are usually driven. The rivets driven at temperatures desig-
nated as cold, dull red, and cherry red, had two button heads; each
of the others had one full button head and one button head flattened
to % in. The results of tests of rivets driven with an air hammer
are given in Table 4, and of rivets driven with a press riveter in
Table 5. The physical properties of the steel from which the rivets
were made are given in Table 1. The unit strength developed by
the rivets was based upon a diameter of 1%6 in., since the rivets
having a 2-in. grip were upset to nearly the diameter of the holes.
N i 
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TABLE 5
EFFECT OF TEMPERATURE AT WHICH RIVET Is DRIVEN UPON ITS STRENGTH
Rivets Driven With a Press Riveter
Specimen No.
BH 2x a..................
b . . . ....... .......
S......... .........
M ean............ ..... . . .
BH Ix a ..................
b . .. ..... .........
c . ... . . . . . . . . . . . . . .
Mean ................. . .
BH 3x a..................
b ..................
c ..................
M ean....................
Type of
Head
Two
button
heads
Two
button
heads
Two
button
heads
Heat of
Rivet
When
Driven
Cold
Dull
red
Cherry
red
Ultimate
Strength
lb.
39 470
41 140
41 760
40 790
37 920
38 140
38 270
38 110
39 160
39 650
Ultimate
Unit Stress,
lb. per sq. in.,
on Je in.
diameter
78 630
73 533
38 750 74 730
Type of
Failure
Tension failure
of shank
Tension failure
of shank
Tension failure
of shank
Nominal diameter of rivets, i in. Grip of rivets, 2 in.
An inspection of Tables 4 and 5 reveals the fact that all rivets
developed as great a unit strength as the rivet rods from which they
were made, even though the unit strength of the rivets was based
upon a diameter of 1l/16 in. The cold-driven rivets were stronger
than the hot-driven rivets, due probably to the cold working of the
material. For heated rivets there seemed to be no very consistent
relation between the temperature of the rivet at driving and its
strength, although the badly burned rivets were slightly weaker than
the others. But even the badly burned rivets were as strong as the
rods from which they were made, and their failure was due to the
failure in shear of the flat heads. The hot-driven rivets driven with
a press riveter were somewhat stronger than those driven with an
air hammer. The character of the failure of the various rivets is
shown in Figs. 8 and 9.
9. Effect of Type of Head Upon Strength of Rivets.-All rivets
used in the tests to determine the effect of the type of head upon
the strength of a rivet were driven with an air hammer, all had a
2-in. grip, and all were driven at a cherry red heat. The manufac-
tured head was a button head for all rivets; the driven head was a
button, a button flattened to 3 in., a countersunk head not chipped,
or a countersunk head chipped.
The results of the tests are given in Table 6. The only heads that
failed were the button heads that had been flattened to % in. These
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FIG. 9. SHEAR FAILURE OF RIVET HEADS
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FIG. 10. FAILURE OF RIVETS HAVING COUNTERSUNK HEADS
failed in shear, as shown in Fig. 9. The rivets that had one counter-
sunk head failed in the shank, although they were not quite as
strong as the rivets having two button heads. Whether the smaller
strength was due to the kind of head or to a slightly weaker ma-
teiial is not apparent. But the strength actually developed by the
rivets having heads that were countersunk and chipped, 54 100 lb.
per sq. in., based upon a 1/ 6 -in. diameter section, meets the speci-
fications for rivet steel.
10. Effect of Grip of Rivet Upon Its Strength in Tension.-All
rivets used in the tests to determine the effect of the grip of a rivet
upon its strength had a nominal diameter of % in., all had two button
heads, and all were driven at a cherry red heat. The grip varied by
inches from 2 to 6 in.
The results of tests of rivets driven with an air hammer are given
in Table 7. The ultimate unit stress varied from 63 900 lb. per sq.
in. for rivets having a 2-in. grip to 54 000 lb. per sq. in. for those
having a grip of 5 in., and 54 400 lb. per. sq. in. for those having a
grip of 6 in.
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EFFECT OF TYPE OF HEAD
TABLE 6
UPON STRENGTH OF RIVET IN TENSION
Ult. Unit
Type of Ultimate Stress, lb. per Reduction
Specimen Driven Strength sq. in., on of Area Type of Failure
No. Head lb. '«6 in. per cent
diameter
BH3 a ....... 30 160 74.0 Tension failure of shank
b....... Button 31 000 74.0 Tension failure of shank
c....... 30 000 67.7 Tension failure of shank
Mean........ 30 387 58 700 71.9
BH3 d....... 33 900 73.0 Tension failure of shank
e ....... Button 31 300 71.0 Tension failure of shank
f ....... 34 100 55.0 Tension failure of shank
Mean ........ 33 100 63 900 66.3
F1 a ....... Button 26 145 Shear on flat head
b. ....... flattened 26 215 Shear on flat head
c ....... to % in. 25 695 Shear on flat head
Mean ........ 26 018 50 200
CS1 a....... Counter- 30 515 73.3 Tension failure of shank
b ....... sunk and 30 235 72.0 Tension failure:of shank
c ....... not chipped 29 865 72.5 Tension failure of shank
Mean ........ 30 205 58 300 72.6
CS2 a....... Counter- 28 385 75.0 Tension failure of shank
b....... sunk and 27 935 73.2 Tension failure of shank
c....... chipped 27 865 69.0 Tension failure of shank
Mean........ 28 061 54 100 72.4
Diameter of rivet, % in.; grip, 2 in.; manufactured head was a button head; all rivets were driven
with an air hammer; and all rivets were driven at a cherry red heat.
The results of tests of rivets driven with a press riveter are given
in Table 8. The ultimate unit stress varied from 74 730 lb. per sq.
in. for rivets having a 2-in. grip to 56 330 lb. per sq. in. for rivets
having a grip of 5 in., and 57 330 lb. per sq. in. for those having
a grip of 6 in. The unit stress in all cases was based upon a diameter
of rivet of 136 in. The short rivets were upset over their entire
length and actually had a diameter nearly equal to 1'% in., but the
long rivets, although they were upset near the driven head, were not
upset over their entire length, and the actual minimum diameter did
not exceed % in. Even on the basis of a rivet diameter of 136 in.,
the weakest rivets developed a unit stress almost as great as that
developed by the rivet rod.
The rivets driven with a press riveter were slightly stronger than
those driven by the air hammer, even though the former were made
of a slightly weaker steel than the latter.
IV. RESULTS OF TESTS-INITIAL TENSION IN RIVETS
11. Comparison of Two Methods for Determining Initial Tension
in Rivets.-The initial tension in rivets was determined by two
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TABLE 7
EFFECT OF GRIP OF RIVET UPON ITS STRENGTH IN TENSION
Rivets Driven With Air Hammer
Specimen No.
BH3 d ..............
e ..............
f.............
M ean................
BH7 d .............
e ...............
f.. .............
M ean................
BH 8 d...............
e ...............
f. . ..... ........
M ean................
BH 9 d...............
e ...............
f. . ........ .....
M ean................
BH 10 d..............
e ...... ........
f. . .... .......
M ean................
3
4
5
6
33 900
31 300
34 100
33 100
30 630
31 170
30 315
30 705
29 265
28 670
29 460
29 132
27 865
27 740
28 130
27 912
28 410
28 210
27 855
28 158
Unit Strength, lb. per sq. in.,
Based on Reduction
nf Area
MG in. dia.
63 900
59 300
56 200
54 000
54 400
% in. dia.
75 000
69 500
66 000
63 100
63 700
per cent
73.0
71.0
55.0
66.3
72.2
74.3
74.3
73.6
73.8
74.7
73.9
74.1
74.0
73.7
72.7
73.5
73.7
72.3
74.2
73.4
Nominal diameter of rivet, % in.; all heads were button heads; all rivets were driven at a cherry
red heat. All rivets failed by tension in the shank. All rivets were made from the same rod. Ultimate
strength of the rod was 57 330 lb. per sq. in., and of an undriven rivet 57 160; the reduction in area of
the rivet rod was 66.9 per cent, and of the undriven rivets 70.3 per cent.
methods, (1) by measuring the resilience of a rivet when the tension
was relieved, and (2) by determining the relation between the external
load on a rivet and its elongation. The first method has been de-
scribed in Section 7, the second method is described in the following
paragraphs.
If a rivet had no initial tension, the external-load-strain diagram
for stresses below the elastic, limit would be a straight line whose
slope would correspond to the modulus of elasticity for steel. If the
rivet is subjected to an initial tension when driven, applying a load
in the manner described in Section 6 merely transfers the stress from
the rivet to the testing machine, and, except for the resilience of the
parts in contact, the total tension on the rivet is not increased until
the external load exceeds the initial tension in the rivet.
The diagrams for hot-driven rivets shown in Fig. 4a are vertical
lines through the origin, and no elongation of the rivets occurred until
the external load was nearly equal to the yield-point of the steel, in-
dicating that the initial tension in each of the rivets represented by
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TABLE 8
EFFECT OF GRIP OF RIVET UPON ITS STRENGTH IN TENSION
Rivets Driven With a Press Riveter
Ultimate Unit Strength, lb. per
Ultimate sq. in., Based on
Specimen No. Grip Strength
in. lb.
§6 in. dia. 4 in. dia.
BH3X a .............. 39 160
b .............. 2 39 650
c ... ....... . 37 440
Mean ................ 38 750 74 730 87 700
BH7X a .............. 33 180
b.............. 3 33 060
c ............. 33 630
Mean ............... 33 290 64 180 75 300
BH8X a.............. 32 850
b.............. 4 33 500
c .............. 33 450
Mean ............... 33 267 64 130 75 200
BH9X a .............. 29 040
b.............. 5 29 440
c ............ 29 150
Mean. ............. 29 210 56 330 66 100
BH10X a ............. 31 640
b............. 6 29 430
c ......... . 28 140
Mean................ 29 737 57 330 67 400
Nominal diameter of rivet, % in.; all heads were button heads; all rivets were driven at a cherry
red heat. All rivets failed by tension in the shank. All rivets were made from the same rod. Ultimate-
strength of the rod was 53 613 lb. per sq. in., and of an undriven rivet was 54 920 lb. per sq. in.; the
reduction in area of the rivet rod was 67.5 per cent, and of the undriven rivet, 68.7 per cent.
the diagrams of the figure was approximately equal to the yield-point
strength. The diagrams for the cold-driven rivets shown in Fig. 4b
are quite different in character. The diagram for rivet BH1b is a
straight line passing through the origin, and having a slope corre-
sponding nearly to 30 000 000 lb. per sq. in., showing that the rivet,
had no initial tension. The diagram for BH1a is a vertical line at
the origin but it curves to the right and, at a load of about 13 000
lb. per sq. in., becomes a straight line having a slope corresponding.
to 30 000 000 lb. per sq. in. This diagram has been interpreted to in-
dicate that the initial stress in BHla was 13 000 lb. per sq. in., al-
though there might be some difference of opinion as to the exact value.
The diagrams of Fig. 4c are for rivets driven when white hot. In this
case, although there may be some difference of opinion as to the value
of the initial tension, the diagrams have been interpreted to indicate
that the initial tension was 20 000 lb. per sq. in. for both rivets.
The values of the initial tension were obtained from diagrams
similar to those shown in Fig. 4 for most of the rivets subjected to,
TENSION TESTS 
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TABLE 9
EFFECT OF TEMPERATURE OF RIVET WHEN DRIVEN UPON INITIAL TENSION
From Resilience of Rivet
Specimen No.
(1)
IS3x a..............
b .............
c ...... ........
d ......... ....
Mean ............ ..
IS2 a..............
b ........... .
c ...... ........
d ......... ....
Mean ............ .
IS1 a............ ..
b ........... .
c ...... ........
d ........... .
Mean ............ .
IS4 a..............
b ........... .
c ...... ........
d ........... .
Mean ............ .
IS5 a ........... . .
b .............
c.............
d ........... .
M ean..............
1S6 a..............
b ........... .
c ...... ........
d .............
M ean..............
Heat of Rivet
When Driven
(2)
Cold
Dull
red
Cherry
red
White
Burned
Badly
burned
Reduction in Tension
Due to sawing block
into Specimens
lb. per sq. in.
(3)
-5070
-6870
-5670
-5670
-5820
-1790
600
000
600
-145
-3580
000
-3280
-1200
-2015
1490
1490
- 300
- 900
445
-2390
-5070
-3285
- 900
-2910
-1190
- 900
-3285
-1200
-1644
strength tests. These values support in a general way the values
obtained from the resilience of the rivets, but the latter are believed
to be the more reliable, as well as the more definite, of the two sets
of values. The initial tensions as determined by both methods are
reported in the following sections, but the conclusions are based upon
the values obtained from the resilience of the rivet, since this method
is considered to be the more reliable of the two.
12. Effect of Temperature of Rivet When Driven Upon Initial
Tension.-The specimens, apparatus, and method of testing are de-
scribed in Section 7.
All rivets used in the series to determine the effect on the initial
Due to turning
Specimens
lb. per sq. in.
(4)
11 930
19 410
8 955
9 250
12 389
25 990
25 400
26 880
32 530
27 700
34 630
28 950
31 630
31 650
31 715
26 710
25 110
21 200
26 870
24 972
24 490
23 570
22 985
20 620
22 915
27 440
25 100
26 885
24 500
25 980
Total Initial
Tension, lb. per
sq. in.
(5)
6 870
12 540
3 285
3 580
6 569
24 200
26 000
26 880
33 130
27 555
31 050
28 950
28 350
30 450
29 700
28 200
26 600
20 900
25 970
25 417
22 100
18 500
19 700
19 720
20 005
26 250
24 200
23 600
23 300
24 336
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TABLE 10
EFFECT OF TEMPERATURE OF RIVET WHEN DRIVEN UPON
INITIAL TENSION
From External-Load-Strain Diagrams
Initial Tension
Specimen No. Heat of Rivet in RivetWhen Driven lb. per sq. in.
BH1 a ................... Cold 13 000
b................... 000
d .................. 000
e................... 8 000
f................... 8 000
M ean ................... 5 800
BH2 a ................... Dull 36 000
d ................... red 10 000
e................... 19 000
f ................... 32 000
M ean ................... 24 250
BH3 a ................... Cherry 20 000
b .................. red 38 000
c .................. 38 000
d ................... 37 000
e ................... 36 000
f ................... 37 000
M ean ................... 34 333
BH4 a ................... White 20 000
b ................... 20 000
M ean .................... 20 000
BH5 a ................... Burned 40 000
b ................... 23 000
c ............... .. . 17 000
M ean.... .. 2... .... .... 6 666
BH6 a ................... Badly 10 000
b ................... burned 16 000
S................... 20 000
M ean ................... 15 333
stress in the rivet of the temperature when driven had a nominal
diameter of % in., all had two button heads, and all had a grip of
2 in. All rivets were driven with an air hammer except the cold-driven
rivets which were driven with a press riveter. The results of the tests
are given in Table 9.
The values given in Column 3 represent the difference in stress
in the rivet in the original block of four rivets, Fig. 6b, and in the
individual specimen, Fig. 6a. The increase in stress is very small
except for the IS3x series. Apparently some error occurred in this
test. Later series, reported in Tables 11, 13, and 15, show a slight
change in the tension in the rivets when the block was sawed but,
with a few erratic exceptions, the changes are small. Taking into
account all series, the tests indicate that reducing the size of the
plate from flats 2% in. x % in. and 10 in. long to blocks 2% in. square
and % in. thick, does not make an appreciable change in the stress
in the rivet.
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TABLE 11
EFFECT OF TYPE OF HEAD UPON INITIAL TENSION IN RIVETS
From Resilience of Rivet
Reduction in Tension
Initial
Specimen No. Type of Head Due to Sawing Due to in Rivet
Block into Turning lb. per sq. in.Specimens Specimens
lb. per sq. in. lb. per sq. in.
(1) (2) (3) (4) (5)
IS1 a ........................... Two -3 580 34 630 31 050
b........................... button 000 28 950 28 950
c........................... heads -3 280 31 630 28 350
d ........................... 
-1 200 31 650 30 450
Mean .......................... 
-2 015 31 715 29 700
IS13 a.......................... One button, 4 180 21 620 25 800
b.......................... one flattened 300 23 600 23 900
c .......................... to% in. 300 28 950 29 250
d......................... 
-300 11 050* 10 750*
M ean .......................... 1 120 21 305 22 425
Mean of a, b, c.................. 1 593 24 723 26 317
S11 a.......................... One button, 7 160 27 940 35 100
b......................... one counter- 6 140 25 160 31 300
c.......................... sunk and not 2 090 26 210 28 300
d.......................... chipped 680 24 220 24 900
M ean .......................... 4 017 25 883 29 900
IS12 a.......................... One button, 680 13 640 14 320
b.......................... one counter- 680 26 220 26 900
c.......................... sunk and 3 410 26 250 29 660
d......................... chipped 0 .22 740 22 740
Mean ......................... 1 190 22 210 23 400
*Manufactured head did not have a full bearing.
The data contained in Table 9 indicate that rivets having a 2-in.
grip driven at a dull red, a cherry red, and a white heat all have
about the same initial stress, the values being 27 555, 29 700, and
25 417 lb. per sq. in., respectively. The yield-point strength of the
rivet-rod from which the rivets driven at a cherry red heat were made
was 35 433 lb. per sq. in., and the yield-point strength of the rivet-
rod from which the rivets driven at a dull red and a white heat were
made was 36 100 lb. per sq. in.
The burned and badly burned rivets had an initial stress of
20 005 and 24 336 lb. per sq. in., respectively. They were made from
the same rivet-rod as the rivets driven at a dull red and a white heat.
The tests of the cold-driven rivets are unsatisfactory because of
the discrepancy between the readings taken before and after the
original blocks were sawed into individual specimens. If the readings
taken before the blocks were sawed are accepted, the initial tension
was 6 569 lb. per sq. in.; if the readings taken after the blocks were
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TABLE 12
EFFECT OF TYPE OF HEAD UPON INITIAL
TENSION IN RIVETS
From External-Load-Strain Diagram
Initial Tension
Specimen No. Type of in Rivet
Driven Head lb. per sq. in.
BH3 a ................... Button 20 000
b ................... 38 000
c ................... 38 000
d .... .............. 37 000
e ................... 36 000
f ................... 37 000
Mean ................... 34 333
Fl a.................... Flattened to % in. 29 000
b .................... 22 000
c..................... 27 000
Mean ................... 26 000
COS1 a ................... Countersunk and 34 000
b................... not chipped 36 000
c ................... 000
M ean ................... 23 300
CS2 a. .................. Countersunk and 8 000
b................... chipped 34 000
c ... ........... .. 24 000
M ean ........ .......... 22 000
sawed are correct, the initial stress was 12 389 lb. per sq. in. In either
case the initial stress in the cold-driven rivets was very much less
than that in the hot-driven rivets, a fact that is not surprising con-
sidering that initial stress is due chiefly to the cooling of the rivet.
The initial tension, determined from the external-load-strain dia-
gram in the manner described in Section 11, is given in Table 10.
13. Effect of Type of Head Upon Initial Tension in Rivets.-All
rivets used in the series to determine the effect of the type of head
upon the initial tension in the rivet had a grip of 2 in., and all were
driven at a cherry red heat with an air hammer. The initial stress
as determined from the resilience of the rivets is given in Table 11.
The yield-point strength of the rod from which the rivets were made
was 35 433 lb. per sq. in. for the rivets having two button heads,
and 37 466 lb. per sq. in. for all the others. The average initial stress
was 29 700, 26 317, 29 900, and 23 400 lb. per sq. in. for button
heads, flattened heads, heads countersunk and not chipped, and heads
countersunk and chipped, respectively.
The data contained in Table 11 indicate that rivets with a 2-in.
grip, driven with an air hammer when at a cherry red heat, and
having two button heads, had an initial tension equal to approxi-
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TABLE 13
EFFECT OF GRIP OF RIVET UPON ITS INITIAL TENSION
From Resilience of Rivets. Rivets Driven with Air Hammer.
Specimen No.
(1)
ISl a...........................
b . .. . ............... .......
c.................... . .......
d ...... ... . . .. . . ... . . .. . .. . .
M ean ..........................
IS7 a...........................
b ...........................
e ...................... .....
d . . . . . .. .. . . .. . . .. .. ... . .. .
M ean..........................
IS8 a...........................
b . . . . ............... .......
e ............... ...... .....
d . .. . ......................
M ean ..........................
IS9 a ...........................
b . .. . .......... ............
c.............. ....... .....
d . . . . ............... .......
M ean..........................
IS10 a..........................
b . . . . .....................
c .... . .. . .. .. . . ... .. .. .. ..
d .... .....................
M ean ..........................
Length of
Grip
in.
(2)
2
3
4
5
6
Reduction in Tension Due to
Sawing Block
into Four
Specimens
lb. per sq. in.
(3)
-3 580
000
-3 280
-1 200
-2 015
1 640
2 390
1 000
2 190
1 805
3 590
1 500
2 250
2 700
2 510
480
950
2 870
1 200
1 376
1 400
200
400
5 880
1 970
Turning
Specimens
lb. per sq. in.
(4)
34 630
28 950
31 630
31 650
31 715
33 360
32 250
33 640
34 410
33 415
31 260
35 600
34 250
33 680
33 698
35 620
32 450
26 780
31 300
31 538
32 800
35 350
34 550
31 870
33 642
mately 80 per cent of the yield-point strength of the rivet-rod. Many
of the rivets that had one flattened or one countersunk head had an
initial stress equal to that in rivets having two button heads, others
had a much lower initial stress. That is, with rivets having flattened
or countersunk heads, there was a large variation among rivets that
were supposed to be alike.
The initial stress as determined from the external-load-strain dia-
grams is given in Table 12.
14. Effect of the Grip of a Rivet Upon Its Initial Tension.- The
specimens used to determine the effect of the grip of a rivet upon its
initial tension all had two button heads, and all were driven at a
cherry red heat. One series of tests was made on rivets driven with an
air hammer, and another on rivets driven with a press riveter.
Initial
Tension
in Rivet
lb. per sq. in.
(5)
31 050
28 950
28 350
30 450
29 700
35 000
34 640
34 640
36 600
35 220
34 850
37 100
36 500
36 380
36 208
36 100
33 400
29 650
32 500
32 912
34 200
35 550
34 950
37 750
35 612
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TABLE 14
EFFECT OF GRIP OF RIVET UPON ITS INITIAL TENSION
From External-Load-Strain Diagram. Rivets Driven with Air Hammer.
Specimen No.
BH 3 a...................
b .................
c ....... .... .......
d ... ...............
e...................
f................. ..
M ean..................
BH 7 a...................
b ................ . .
c...................
d .................
e ... .. . . .. . .. .. . .. . .
f . . ... . .. .. .. .. . .. . .
M ean ...................
Mean excl. b ........... .
BH 8 a...................
b .. ... .............
c ..................
d ...................
e ...................
f . . . .. .. . . . .. ... . . ..
M ean...................
BH 9 a ...................
b ........ .... .......
c ... .. . .. .. .. ... . . ..
d ...................
e ... .............. ..
f .......... .........
M ean...................
BH 10O b..................
c..................
d .................
e.................
f .. ...............
M ean....................
Length of Grip
in.
2
3
4
5
6
Initial Tension
in Rivet
lb. per sq. in.
20 000
38 000
38 000
37 000
36 000
37 000
34 333
28 000
000
28 000
34 000
36 000
30 000
26 000
31 200
20 000
28 000
10 000
8 000
35 000
32 000
22 166
26 000
33 000
34 000
27 000
32 000
30 000
30 333
31 000
32 000
32 000
36 000
32 000
32 600
The initial tensions in rivets driven with an air hammer, deter-
mined from the resilience of the rivets, are given in Table 13. The
initial tensions, the average of four tests for each grip, were 29 700,
35 220, 36 208, 32 912 and 35 612 lb. per sq. in. for rivets having
grips of 2, 3, 4, 5, and 6 in., respectively. The rods from which all
the rivets were made had a yield-point strength of 35 433 lb. per
sq. in. These tests indicate that the initial stress was less in rivets
having a 2-in. grip than in longer rivets, but the difference was not
great. The initial tension in rivets having a grip of 3 in. or more was
almost equal to the yield-point strength of the rod from which the
rivets were made.
The initial tensions in rivets driven with an air hammer, deter-
mined from the external-load-strain diagrams, are given in Table 14.
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TABLE 15
EFFECT OF TIME OF DRIVING UPON INITIAL TENSION IN RIVETS
Rivets Driven With Air Hammer
Specimen No.
IS14 a ...............
b ...............
c . . . . .. .. . . . .. .
d .. .. .. .. . .. . . ..
M ean................
1815 a ...............
b .. .. . .. . . .. . . ..S.. . ........
d ...............
M ean ................
1S16 a ...............
b .. .. ... . . .. .. ..S.. . ........
d .. .. .. .. . .. . . ..
M ean ................
IS17 a ...............
b ........ .......
S... ........
d ...............
M ean................
IS18 a ...............
b ...............
c . . .. .. . .. .. .. . .
d ...............
M ean................
IS19 a ...............
b .... ...........b .. . .......
d ...............
M ean................
IS20 a...............
b .. .. .. .. . . .. .. .e .. ........
d ...............
M ean................
IS21 a ...............
b ...............
c ... . .......
dMean...............
M ean ................
Grip Time of
IGp Drivingn
sec.
2
2
2
2
6
6
6
6
8
16
32
Minimum
possible
18
36
72
Minimum
possible
Reduction in Tension Due to
Sawing Block
into Four
Specimens
lb. per sq. in.
-2 690
-2 390
-900
-2 690
-2 167
-900
300
2 180
2 180
940
-1 200
Turning
Specimens
lb. per sq. in.
28 490
26 290
23 900
27 190
26 467
29 250
24 800
26 170
27 070
26 822
15 830
-2 180 
18 910
-1 200
-2 690
-1 818
2 180
900
4 780
-2 690
1 292
800
-500
-300
1 300
325
3 790
1 500
700
4 980
2 742
600
700
1 500
200
750
3 690
3 090
2 190
6 880
3 962
18 510
23 290
19 135
26 770
30 450
27 170
29 890
28 570
29 050
36 160
35 000
30 000
32 552
32 860
36 860
35 500
32 970
34 548
32 500
35 000
33 260
35 350
34 028
29 010
27 310
27 010
20 320
25 912
The initial tensions in rivets driven with a press riveter, de-
termined from the resilience of the rivet, are given in Table 16. The
initial tension in rivets having a 2-in. grip was 32 181 lb. per sq.
in., the average of the results of 16 tests; the initial tension in rivets
having a 6-in. grip was 34 106 lb. per sq. in., also the average of
the results of 16 tests. All of the rivets having a 2-in. grip were cut
from a bar having a yield-point strength of 35 971 lb. per sq. in., and
Initial
Tension
in Rivet
lb. per sq. in.
25 800
23 900
23 000
24 500
24 300
28 350
25 100
28 350
29 250
27 762
14 630
16 730
17 310
20 600
17 317
28 950
31 350
31 950
27 200
29 862
29 850
35 660
34 700
31 300
32 877
36 650
38 360
36 200
37 950
37 290
33 100
35 700
34 760
35 550
34 778
32 700
30 400
29 200
27 200
29 875
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TABLE 16
EFFECT OF TIME OF DRIVING UPON INITIAL TENSION IN RIVETS
Rivets Driven With Press Riveter
Specimen No.
IS14X a . . . . . . . . . . . .
b .............
c. . . . . . . . . . . . .
d. . . . . . . . . . . . .
Mean................
IS15X a ........... .
b ........... .
c.............
d .............
Mean................
IS16X a ........... .
b ........... .
IS17X a ........... .
b ........... .
S. . .. . . . . .. . .
d .............
Mean................
IS18X a ........... .
b .............
0 .... ........
d ........... .
M ean................
IS19X a ........... .
b .............
c ... ........ .
d .............
M ean................
IS20X a .............
b .............
c.............
d . . . . . . . . . . . ..
M ean................
IS21X a ........... .
b ........... .
c .............
d .............
M ean................
2
Time of
Driving
see,
1.5
Minimum
possible
3
6
12
Minimum
possible
Reduction in Tension Due to
Sawing Block
into Four
Specimens
lb. per sq. in.
-1 200
-1 500
-1 500
000
-1 050
1 800
-2 980
900
1 200
230
900
1 800
000
900
900
2 390
000
-900
-1 200
72
1 200
-1 400
2 890
2 290
1 245
2 190
1 200
3 880
1 790
2 265
2 490
4 580
3 190
200
2 615
1 400
1 400
800
2 290
1 472
Turning
Specimens
lb. per sq. in.
36 400
31 800
33 100
31 000
33 075
33 150
36 680
31 900
28 950
32 670
32 800
36 700
36 100
34 000
34 900
20 610
27 800
32 500
30 800
27 928
36 300
33 500
33 910
30 110
33 455
33 110
30 600
32 520
34 110
32 585
34 210
34 720
17 710
35 600
30 560
31 900
33 900
30 600
32 510
32 228
all having a 6-in. grip were cut from a bar having a yield-point
strength of 37 622 lb. per sq. in. For the rivets driven with a press
riveter the ratio of the initial stress to the yield-point strength of
the steel was almost unity, and the ratio was as great for the 2-in.
as for the 6-in. rivets.
15. Effect of Time of Driving Upon Initial Tension in Rivets.-
Observations in the shop of the Chicago Bridge and Iron Works
Initial
Tension
in Rivet
lb. per sq. in.
35 200
30 300
31 600
31 000
32 025
34 950
33 700
32 800
30 150
32 900
33 700
38 500
36 100
34 900
35 800
23 000
27 800
31 600
29 600
28 000
37 500
32 100
36 800
32 400
34 700
35 300
31 800
36 400
35 900
34 850
36 700
39 300
20 900
35 800
33 175
33 300
35 300
31 400
34 800
33 700
TENSION TESTS OF RIVETS 33
TABLE 17
RESULTS OF MISCELLANEOUS TESTS
Specimen No.
IS14 a ...............
b ...............
S .. .... . .... . ...
d ...............
M ean ................
IS22 a...............
b ...............
S ...............
d ...............
M ean ...............
IS25 a ...............
b ...............
. .. . .
d..... ........
M ean...............
IS18 a...............
b ...............
c...............
d ...............
M ean...............
IS23 a...............
b ...............
c ...............
d ...............
M ean...............
IS24 a* ..............
b ...............c...............
d ...............
M ean................
Grip
in.
2
2
2
6
6
6
Number
of Plates
Four
Sin.
Two
1 in.
One
2 in.
Twelve
% in.
Six
1 in.
Twelve
% in.
Reduction in Tension Due to
Sawing Block
into Four
Specimens
lb. per sq. in.
-2 690
-2 390
-900
-2 690
-2 167
-2 180
-3 570
-3 280
-900
-2 482
-2 990
-2 990
-2 180
300
-1 965
800
500
300
1 300
725
-200
+200
-400
3 580
795
1 000
-1 890
-2 190
-200
-820
Turning
Specimens
lb. per sq. in.
28 490
26 290
23 900
27 190
26 467
26 980
29 370
26 280
8 960
22 897
34 640
29 190
34 130
28 400
31 590
29 050
35 160
34 400
30 000
32 152
34 600
7 170
39 050
30 820
27 910
27 800
32 790
37 290
35 700
33 395
Initial
Tension
in Rivet
lb. per sq. in.
25 800
23 900
23 000
24 500
24 300
24 800
25 800
23 000
8 060
20 415
31 650
26 200
31 950
28 700
29 625
29 850
35 660
34 700
31 300
32 877
34 400
7 370
38 650
34 400
28 705
28 800
30 900
35 100
35 500
32 575
*All burs removed before plates were assembled.
established the fact that the normal time of driving a rivet having
a 2-in. grip was 8 seconds for an air hammer, and 1.5 seconds for
a press riveter; and the normal time of driving a rivet having a
6-in. grip was 18 seconds for an air hammer, and 3 seconds for a
press riveter.* Tests were made to determine the effect of the time
required to drive a rivet upon the initial stress in the rivet, tests being
made on rivets having a 2-in. and a 6-in. grip. The results of tests
made upon rivets driven with an air hammer are given in Table 15,
and of those made upon rivets driven with a press riveter in Table 16.
There seems to be no consistent relation between the time of
driving and the initial stress in the rivet, most of the rivets having
*As previously noted, these observations were made while men were driving rivets in the
specimens used in these tests, which were small and somewhat difficult to hold. The normal
time required to drive rivets in pieces large enough to remain stationary without being held
might be less.
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an initial tension equal to at least 80 per cent of the yield-point
strength of the rivet-rod. The only exception was in the case of
rivets having a 2-in. grip that were driven with an air hammer in
32 seconds per rivet. For these the initial tension was about one-
half of the yield-point strength of the rod.
16. Results of Miscellaneous Tests.-Tests were made to de-
termine the effect of miscellaneous influences upon the initial tension
in rivets. One series was planned to determine whether the number
of plates held together by a rivet affected the initial tension. The
specimens for tests IS14, IS22, and IS25 were alike except for the
number of plates. The first was made up of four %-in. plates; the
second of two 1-in. plates; and the third of one 2-in. plate. Likewise
the specimens for IS18 and IS23 were'alike except that the former
was made up of twelve %-in. plates and the latter of six 1-in. plates.
The results of these tests are presented in Table 17. They indicate
that the number of plates making up a given grip does not affect
the initial tension.
Some shop men claim that a tight rivet cannot be driven in a
single plate. The rivets of the IS25 series were driven in a
single 2-in. plate, and all had an initial stress equal to approximately
80 per cent of the yield-point strength of the rod from which the
rivets were made. This result would apparently indicate that there
is no basis in fact for the shop tradition that tight rivets cannot be
driven through a single thickness of metal.*
All specimens except IS24 were bolted together for reaming, and
were not disassembled before being riveted. The plates for IS24 were
disassembled after being reamed and all burs were removed. The
plates were then bolted together and riveted. The tests of IS24, re-
ported in Table 17, show that disassembling the plates and removing
the burs did not affect the initial tension in the rivets.
The rivets for the tests reported in Table 15 were all driven with
an air hammer, and the similar specimens for the tests reported in
Table 16 were all driven with a press riveter. The rivets driven with
a press riveter had a slightly higher initial tension than those driven
with an air hammer in the case of rivets having a 2-in. grip, but
for rivets having a 6-inch grip the method of driving did not seem to
affect the magnitude of the initial tension.
*In the case of rivets driven with an air hammer, the initial stress was less in rivets
two inches long than it was in rivets three inches long. A rivet through a single 1/4-in.
plate might be loose, not because there was only one plate, but because the grip was short.
TENSION TESTS OF RIVETS
V. CONCLUSIONS
17. Conclusions Relative to Strength of Rivets in Tension.-The
results of the tests described in this bulletin apparently justify the
following conclusions relative to the strength in tension of rivets made
of good material and properly driven:
(1) The strength in tension of hot-driven rivets having two button
heads was slightly greater than the tensile strength of the rod from
which the rivets were made.
(2) The only heads that failed were button heads flattened to
% in., and the heads of cold-driven rivets. The rivets having flat-
tened heads developed 90 per cent of the strength of the rod from
which the rivets were made, and the cold-driven rivets, even though
they failed in the head, developed a strength considerably in excess
of the strength of the rod from which they were made.
(3) A total of 81 rivets were tested in tension. The weakest rivet
tested, Specimen Flc, a rivet having a flattened head that failed in
the head, developed a strength of 25 695 lb., or a unit stress of
49 556 lb. per sq. in., based upon a diameter of 1%6 in., or 58 160
lb. per sq. in., based upon the nominal diameter of % in.
(4) The rivets having a long grip were not quite as strong as
those having a short grip. The difference was attributed to the fact
that the long rivets did not fill the holes over their entire length as
completely as did the short ones.
(5) There was no indication of any lack of reliability of rivets
subjected to tension, even though some of the specimens were, pur-
posely, the product of malpractice that would not pass ordinary in-
spection.
(6) The ability of a rivet to resist an external load that produces
tension is not reduced by the initial tension in the rivet due to cooling.
In the preceding statements the strength in tension developed by
the rivets is the external load that was added by the testing machine.
The statements relative to strength refer to unit strength based upon
a diameter of rivet of 1%6 in.
18. Conclusions Relative to Initial Tension in Rivets.-The fol-
lowing conclusions with respect to the initial tension in rivets may
be drawn:
(1) All hot-driven rivets having button heads had an initial
tension equal to 70 per cent or more of the yield-point strength of the
rod from which the rivets were made.
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(2) Most rivets having a button head on one end and on the
other end either a button head flattened to % in., a head that was
countersunk but not chipped, or a head that was countersunk and
chipped, had an initial stress almost as great as rivets having two
button heads, but there was occasionally found a rivet having other
than a button head that had a low initial stress.
(3) Cold-driven rivets had a low initial stress.
(4) Rivets having a long grip had a somewhat greater initial
stress than those having a short grip. Practically all rivets having
two button heads and a grip of 3 in. or more had an initial stress
equal to 90 per cent of the yield-point strength of the rod from which
the rivets were made.
(5) Rivets having a 2-in. grip had a slightly greater tension if
driven with a press riveter than if driven with an air hammer. Even
this slight difference did not occur in the case of rivets having a
grip of 3 in. or more.
The tests reported in this bulletin indicate that hot-driven rivets
in general are subjected to a tensile stress nearly equal to the yield-
point strength of the material. The tests do not show whether this
tension affects the strength of the rivets in shear. The fact, however,
that the ordinary process of driving produces a rivet subject to a
large initial tension, makes it probable that the rivets in riveted joints
that have been tested in shear had a high initial tension and that the
strength obtained was the strength under combined shear and tension.
The tests reported in this bulletin apparently justify the general
use of rivets in tension if the shearing stress is not reversed. A tensile
stress due to an external load may, however, be undesirable in the case
of rivets subjected to alternating shear. For slip between plates is
prevented largely by friction, and if the initial tension is overcome
by an external load, the pressure between the plates is relieved and
slip will occur, allowing the rivet to become loosened if subjected to
a large number of shear reversals.
RECENT PUBLICATIONS OF
THE ENGINEERING EXPERIMENT STATIONt
Bulletin No. 164. Tests of the Fatigue Strength of Cast Iron, by H. F. Moore,
S. W. Lyon, and N. P. Inglis. 1927. Thirty cents.
Bulletin No. 165. A Study of Fatigue Cracks in Car Axles, by H. F. Moore.
1927. Fifteen cents.
Bulletin No. 166. Investigation of Web Stresses in Reinforced Concrete Beams,
by F. E. Richart. 1927. Sixty cents.
Bulletin No. 167. Freight Train Curve-Resistance on a One-Degree Curve and
a Three-Degree Curve, by Edward C. Schmidt. 1927. Twenty-five cents.
Bulletin. No. 168. Heat Transmission Through Boiler Tubes, by Huber 0. Croft.
1927. Thirty cents.
Bulletin No. 169. Effect of Enclosures on Direct Steam Radiator Performance,
by Maurice K. Fahnestock. 1927. Twenty cents.
Bulletin No. 170. The Measurement of Air Quantities and Energy Losses in
Mine Entries. Part II, by Alfred C. Callen and Cloyde M. Smith. 1927. Forty-five
cents.
Bulletin No. 171. Heat Transfer in Ammonia Condensers, by Alonzo P. Kratz,
Horace J. Macintire, and Richard E. Gould. 1927. Thirty-five cents.
Bulletin No. 172. The Absorption of Sound by Materials, by Floyd R. Watson.
1927. Twenty cents.
*Bulletin No. 173. The Surface Tension of Molten Metals, by Earl E. Libman.
1928. Thirty cents.
*Circular No. 16. A Simple Method of Determining Stress in Curved Flexural
Members, by Benjamin J. Wilson and John F. Quereau. 1928. Fifteen cents.
Bulletin No. 174. The Effect of Climatic Changes upon a Multiple-Span Re-
inforced Concrete Arch Bridge, by Wilbur M. Wilson. 1928. Forty cents.
Bulletin No. 175. An Investigation of Web Stresses in Reinforced Concrete
Beams. Part II. Restrained Beams, by Frank E. Richart and Louis J. Larson.
1928. Forty-five cents.
Bulletin No. 176. A Metallographic Study of the Path of Fatigue Failure in
Copper, by Herbert F. Moore and Frank C. Howard. 1928. Twenty cents.
Bulletin No. 177. Embrittlement of Boiler Plate, by Samuel W. Parr and Fred-
erick G. Straub. 1928. None Available.
*Bulletin No. 178. Tests on the Hydraulics and Pneumatics of House Plumbing.
Part II, by Harold E. Babbitt. 1928. Thirty-five cents.
Bulletin No. 179. An Investigation of Checkerbrick for Carbureters of Water-
gas Machines, by C. W. Parmelee, A. E. R. Westman, and W. H. Pfeiffer. 1928.
Fifty cents.
*Bulletin No. 180. The Classification of Coal, by Samuel W. Parr. 1928. Thirty-
five cents.
Bulletin No. 181. The Thermal Expansion of Fireclay Bricks, by Albert E. R.
Westman. 1928. Twenty cents.
*Bulletin No. 182. Flow of Brine in Pipes, by Richard E. Gould and Marion I.
Levy. 1928. Fifteen cents.
Circular No. 17. A Laboratory Furnace for Testing Resistance of Firebrick to
Slag Erosion, by Ralph K. Hursh and Chester E. Grigsby. 1928. Fifteen cents.
*Bulletin No. 183. Tests of the Fatigue Strength of Steam Turbine Blade Shapes,
by Herbert F. Moore, Stuart W. Lyon, and Norville J. Alleman. 1928. Twenty-five
cents.
*Bulletin No. 184. The Measurement of Air Quantities and Energy Losses in
Mine Entries. Part III, by Alfred C. Callen and Cloyde M. Smith. 1928. Thirty-
five cents.
*Bulletin No. 185. A Study of the Failure of Concrete Under Combined Com-
pressive Stresses, by Frank E. Richart, Anton Brandtzaeg, and Rex L. Brown. 1928.
Fifty-five cents.
tCopies of the complete list of publications can be obtained without charge by addressing the
Engineering Experiment station, Urbana, Ill.
*A limited number of copies of the bulletins starred are available for free distribution.
37
ILLINOIS ENGINEERING EXPERIMENT STATION
*Bulletin No. 186. Heat Transfer in Ammonia Condensers. Part II, by Alonzo
P. Kratz, Horace J. Macintire, and Richard E. Gould. 1928. Twenty cents.
*Bulletin No. 187. The Surface Tension of Molten Metals. Part II, by Earl E.
Libman. 1928. Fifteen cents.
*Bulletin No. 188. Investigation of Warm-air Furnaces and Heating Systems.
Part III, by Arthur C. Willard, Alonzo P. Kratz, and Vincent S. Day. 1928. Forty-
five cents.
*Bulletin No. 189. Investigation of Warm-air Furnaces and Heating Systems.
Part IV, by Arthur C. Willard, Alonzo P. Kratz, and Vincent S. Day. 1929. Sixty
cents.
Bulletin No. 190. The Failure of Plain and Spirally Reinforced Concrete in
Compression, by Frank E. Richart, Anton Brandtzaeg, and Rex L. Brown. 1929.
Forty cents.
Bulletin No. 191. Rolling Tests of Plates, by Wilbur M. Wilson. 1929. Thirty
cents.
Bulletin No. 192. Investigation of Heating Rooms with Direct Steam Radiators
Equipped with Enclosures and Shields, by Arthur C. Willard, Alonzo P. Kratz,
Maurice K. Fahnestock, and Seichi Konzo. 1929. Forty cents.
Bulletin No. 193. An X-Ray Study of Firebrick, by Albert E. R. Westman.
1929. Fifteen cents.
*Bulletin No. 194. Tuning of Oscillating Circuits by Plate Current Variations,
by J. Tykocinski-Tykociner and Ralph W. Armstrong. 1929. Twenty-five cents.
Bulletin No. 195. The Plaster-Model Method of Determining Stresses Applied
to Curved Beams, by Fred B. Seely and Richard V. James. 1929. Twenty cents.
*Bulletin No. 196. An Investigation of the Friability of Different Coals, by Cloyde
M. Smith. 1929. Thirty cents.
*Circular No. 18. The Construction, Rehabilitation, and Maintenance of Gravel
Roads Suitable for Moderate Traffic, by Carroll C. Wiley. 1929. Thirty cents.
*Bulletin No. 197. A Study of Fatigue Cracks in Car Axles. Part II, by Herbert
F. Moore, Stuart W. Lyon, and Norville J. Alleman. 1929. Twenty cents.
*Bulletin No. 198. Results of Tests on Sewage Treatment, by Harold E. Babbitt
and Harry E. Schlenz. 1929. Fifty-five cents.
*Bulletin No. 199. The Measurement of Air Quantities and Energy Losses in
Mine Entries. Part IV, by Cloyde M. Smith. 1929. Thirty cents.
*Bulletin No. 200. Investigation of Endurance of Bond Strength of Various Clays
in Molding Sand, by Carl H. Casberg and William H. Spencer. 1929. Fifteen cents.
*Circular No. 19. Equipment for Gas-Liquid Reactions, by Donald B. Keyes.
1929. Ten cents.
Bulletin No. 201. Acid Resisting Cover Enamels for Sheet Iron, by Andrew I.
Andrews. 1929. Twenty-five cents.
*Bulletin No. 202. Laboratory Tests of Reinforced Concrete Arch Ribs, by
Wilbur M. Wilson. 1929. Fifty-five cents.
*Bulletin No. 203. Dependability of the Theory of Concrete Arches, by Hardy
Cross. 1929. In Press.
*Bulletin No. 204. The Hydroxylation of Double Bonds, by Sherlock Swann, Jr.
1930. Ten cents.
*Bulletin No. 205. A Study of the Ikeda (Electrical Resistance) Short-Time Test
for Fatigue Strength of Metals, by Herbert F. Moore and Seichi Konzo. 1930.
Twenty cents.
*Bulletin No. 206. Studies in Electrodeposition of Metals, by Donald B. Keyes
and Sherlock Swann, Jr. 1930. Ten cents.
*Bulletin No. 207. The Flow of Air Through Circular Orifices with Rounded
Approach, by Joseph A. Polson, Joseph G. Lowther, and Benjamin J. Wilson. 1930.
Thirty cents.
*Circular No. 20. An Electrical Method for the Determination of the Dew-Point
of Flue Gases, by Henry Fraser Johnstone. 1929. Fifteen cents.
*Bulletin No. 208. A Study of Slip Lines, Strain Lines, and Cracks in Metals
Under Repeated Stress, by Herbert F. Moore and Tibor Ver. 1930. Thirty-five cents.
*Bulletin No. 209. Heat Transfer in Ammonia Condensers. Part III, by Alonzo
P. Kratz, Horace J. Macintire, and Richard E. Gould. 1930. Thirty-five cents.
*Bulletin No. 210. Tension Tests of Rivets, by Wilbur M. Wilson and William A.
Oliver. 1930. Twenty-five cents.
*A limited number of copies of the bulletins starred are available for free distribution.


UNIVERSITY OF ILLINOIS
THE STATE UNIVERSITY
URBANA
DAVID KINLEY Ph-.D., LL.D., President
THE UNIVERSITY INCLUDES THE FOLLOWING DEPARTMENTS:
The Graduate School
The College of Liberal Arts and Sciences (Curricula: General with majors, in
the Humanities and the-Sciences; Chemistry and Chemical Engineering;
Pre-legal, Pre-medical, and Pre-dental; Pre-journalism, Home Economics,
Economic Entomology, and Applied Optics)
The College of Commerce and Business Administration (Curricula: General
Business, Banking and Finance, Insurance, Accountancy, Railway Adminis-
tration, Railway Transportation, Industrial Administration, Foreign Com-
merce, Commercial Teachers, Trade and Civic Secretarial Service, Public
Utilities, Commerce and Law)
The College of Engineering (Curricula: Architecture, Ceramics; Architectural,
Ceramic, Civil, Electrical, Gas, General, Mechanical, Mining, and Railway
Engineering; Engineering Physics)
The College of Agriculture (Curricula: General Agriculture; Floriculture; Home
Economics; Landscape Architecture; Smith-Hughes-in conjunction with
the College of Education)
The College of Education (Curricula: Two year, prescribing junior standing for
admission--General Education, Smith-Hughes Agriculture, Smith-Hughes
Home Economics, Pu'blic School Music; Four year, admitting from the high
school-Industrial Education, Athletic Coaching, Physical Education. The
University High School is the practice school of the College of Education)
The School of Music (four-year curriculum)
The College of Law (three-year curriculum based on a college degree, or-three
years of college work at the University of Illinois)
The Library School (two-year curriculum for college graduates)
The School of Journalism (two-year curriculum based on two years of college
work)
The College of Medicine (in Chicago)
The College of Dentistry (in Chicago)
The School of Pharmacy (in Chicago)
The Sumner Session (eight weeks)
Experiment Stations and Scientific Bureaus, U. S. Agricultural Experiment
Station; Engineering Experiment Station; State Natural History Survey;
State Water Survey; State Geological Survey; Bureau of Educational
Research.
The Library Collections contain (June 1, 1929) 762,166 volumes and 173,000
.pamphlets.
For catalogs and information address
THE REGISTRAR
Urbana, 
-Illinois
-"r, 7 2 V
~ -~r
4 1 N
VK
2 2 V >~ A
/
K1 -•QA
. y^'' -'
;
• •r
